rements. Over the last few years, methods have been used for speckle photographs analysis in solid mechanics which permit quantitative interpretation of multiple exposure photographs of fluid flows [1] .
Two analysis techniques are available. Isovelocity contours can be obtained by filtering the spatial frequency spectrum of the photograph. Point-bypoint measurements of the local velocity can be performed by analysis of Young's fringes produced by local illumination. This paper describes the application of speckle photography ta Rayleigh-Bénard convection in a cylindrical cell. Local velocity information is obtained by a digital image processing system. Given the properties of the speckle noise present in the fringes, new methods are proposed for automatic digital processing of the fringes. 2 . Experimental set-up. - The Rayleigh-Bénard cell (shown in Fig. 1 particles, ri = initial position of the i-th particle, d = displacement of the particles, and fi(r) is the function describing the shape of the image of the i-th particle.
In the Fourier plane (FP in Fig. 3 ), the amplitude is expressed in the form : where r, is the position vector in the Fourier plane, TF means a 2-D Fourier transform and P(rf) is the transmittance of the filter.
If the filter is a circular hole (with radius a), whose center is located at ro, corresponding to a spatial frequency fo = ro/À£ the intensity in the image plane (I in Fig. 3 ) may be expressed by where rp is the position vector in the image plane, C is a constant, À. is the wavelength and f is the focal length of the transform lenses.
The convolution in equation (2) will be extremum in the regions where the projection dp of the displacement on the direction defined by the filtering hole is a multiple of the period of the oscillatory term exp(-2 1ejrp fo). The projected displacement dp obeys the relation dp = n03BB/03B8, where n is an integer and 0 the angle shown in figure 3 . Thus isovelocity contours are drawn by the spatial filter as illustrated in Figures 2b and 2c. The interferences between independent particles contained in the area defined by the factor Ji(2 1er p a/03BBf)/(2 1er p a/03BBf) in equation (2) figure 4 . Rotation of the mirror followed by displacement of the photodiode in a plane parallel Fig. 4 Due to the convolutive form of equation (1), it follows that the intensity recorded by the acquisition system will be : where B(m, n) is periodic along an unknown direction in the (m, n) plane and A(m, n) is the speckle diffraction halo. The purpose of the processing system is to extract the periodicity information from B(m, n) by suppressing the noise contained in A(m, n). [3, 4, 5, 6] . In these methods, a mechanical (or electronic) rotation aligns the fringes parallel to the columns of the acquisition system. In this case, B(m, n) depends only on the m-index and averaging of the lines yields :
The period of f(m) (Figs. 5a and 6a) can be determined there * denotes the 1-D discrete convolution.
For very low particle displacements (very low fringe densities), the Fourier peaks are deformed because FFT A'(m) is broader than the separation of the peaks (see Fig. 6 ). In this case, the apparent maxima of the Fourier peaks do not yield a reliable measure of the particle displacement. In solid mechanics, a second integration after 900 rotation gives A'(m) ; the latter is introduced into (3) to recover B(m) which is a constant amplitude periodic function. The résolution of the peaks of | FFT B(m) | is improved because the width of thèse peaks. is minimized [6] . The difficulty in obtaining a smooth A'(rn) curve (Figs. 5e and 6e) is probably due to the non-gaussian statistics of the speckle. There is no speckle in the classical sense, but a composite diffraction pattern which results of interferences between the very small number of particles located in the illuminated region. However, recovering a constant amplitude signal is still possible by using a method closely related to the « cepstrum » technique known in acoustics [7] .
Since the frequency spectrum of log A'(m) is concentrated near the origin, by computing we obtain narrower and better resolved peaks (Fig. 6d ) . In practice, a constant (of the order of 10-4 of the maximum value of f(m)) must be added to f(m) in order to eliminate the computational singularity of log zero.
Comparison of the data so obtained shows that both methods give the same results (within 1 °a ) if at least two diffraction orders are present in the field.
Thus it can be inferred that five fringes in the speckle halo represent the limit for which direct Fourier analysis of f(m) yields accurate results. Below this limit, the « logarithm » method can still give a measure of the velocity. However, the logarithm operation decreases the S/N ratio and the spectrum becomes noisy (Figs. 5d and 6d ). For the convection experiment, a sequence of measurements has been performed along an horizontal line containing the two zero-velocity points (see Fig. 2a ). Because the velocity is always vertical along this line, the preceding methods are applicable with our acquisition set-up. The curve in figure 7 gives the velocity profile determined by the « logarithm » method. This curve can be compared with the velocity maps (Figs 2b and 2c) and shows the same features of the spatial profile. 
